The high histidine decarboxylase activity of Lactobacillus 30a, an isolate from horse stomach, was discovered by Rodwell (1953a) . He also developed a semidefined medium (vitamins, salts, easein hydrolysate) for growth of this organism (Rodwell, 1953b) . In studies of its histidine decarboxylase, we experienced difficulty in consistently obtaining cells of this organism in high yield and with high decarboxylase activity. A more detailed study of its nutritional requirements was, therefore, undertaken.
MATERIALS AND METHODS Stock culture. Stock cultures of the organism were originally carried on litmus milk or on Briggs' (1953) medium for lactobacilli. At present, stock cultures are transferred weekly on the semidefined medium C, developed during this study (Table 3) , solidified with 2% agar. Inactive stocks have been held for long periods by lyophilization.
Assay procedure. Customary procedures employed in nutritional studies with lactic acid bacteria were used (Snell, 1950) . Nutritional supplements to be tested were diluted to 3 ml with deionized water, 3 ml of double-strength medium were added, and the culture tubes were capped and autoclaved for 7 min at 121 C. An inoculum culture, previously grown on medium C for 16 to 18 hr at 40 C, was centrifuged, and the cells were washed once with sterile water.
The density of the suspension was adjusted to 0.04 mg (dry weight) of cells per ml by reference to a previously constructed reference curve relating dry weight of cells to optical density. One drop of this suspension was added to each experimental culture tube, and the assay was incubated at 40 C for 16 hr. Growth response was measured photometrically at 660 (Evelyn colorimeter) or 650 m, (Bausch & Lomb colorimeter) . An uninoculated tube of medium set at 100 % transmission served as the reference point.
illeasurement of histidine decarboxylase activity. The cells were harvested by centrifugation, washed, and resuspended in water at a cell density of 1 mg/ml. Carbon dioxide was measured manometrically in a Warburg apparatus at 37 C. The main compartment contained 1 ml of the aqueous cell suspension, 1 ml of 0.2 M ammonium acetate buffer (pH 4.8), and 0.5 ml of water. A 5-mg amount of histidine hydrochloride dissolved in 0.5 ml of water was placed in the side arm. Gas evolution was recorded at 5-min intervals for a period of 15 min after the substrate was dumped into the main compartment. The same results were obtained whether the gas phase was air or nitrogen; consequently, an air atmosphere was used for routine manometric measurements. Decarboxylase activity is expressed in terms of Qco2 values (microliters of CO2 evolved per hour per milligram of dry cells).
RESULTS AND DISCUSSION
Growth on defined media. In preliminary experiments, a semidefined medium similar to that used by Rodwell (1953a) , but with hypoxanthine and ascorbic acid added, served as the basal medium. By omitting each component of this medium singly and varying its concentration over The lack of a biotin re(quiremeent for the organism may result from the presence in the medium of asparagine and oleic acid, which reduce or eliminate completely the biotin requiremeat of sev-eral related bacteria (Broquist and Snell, 1951) . Both oleate and asparagine were required for grow-th, and biotin, although slightly stimulatorv in the presence of both of these compounds, did not support growth in the absence of either, even at high concentrations.
Aspartic acid exerted a slight sparing action on the asparagine requirement in the absence, but not in the presence, of biotin. Oleate may be replaced for this organism by high levels (50 to 100 mg per 6 ml of culture) of an extract of autolyzed yeast, but not by sodium pyruvate or an atmosphere of carbon dioxide. In this respect, its unsaturated fatty acid requirement differs from that of some other species of lactobacilli and the "minute" streptococci (Deibel and Niven, 1955) .
All forms of vitamin B6 tested supported growth of Lactobacillus 30a, but the concentrations required for optimal growth differed markedly. The most active form, pyridoxamine phosphate, supported optimal growth at a concentration of 2.92 m,uM (0.0175 m,moles per 6 ml of medium). Pyridoxamine, pyridoxal-5'-phosphate, pyridoxal, and pyridoxine supported similar growth at concentrations 6, 11, 28, and 14,000 times higher, respectively. In contrast to many other lactic acid bacteria (see Holden and Snell, 1949) , the requirement for vitamin B6 was not eliminated by addition of D-alanine to a complete assortment of L-amino acids.
Folic acid proved slightly more active than folinic acid in supporting growth. Thymidine, but not thymine, partially replaced the folic acid requirement wNhen added to the complete medium.
If glucose was sterilized by filtration and added to previously autoclaved medium, little or no growth occurred unless a reducing agent (or compounds giving rise to reducing agents on heating with the medium) was added. The requirement was nonspecific; ascorbic acid and isoascorbic acid were the most effective supplements under these conditions (Table 2 ).
Purine and pyrimiidine requirements. Hypoxanthine was required by the culture studied initially; however, during 6 years of transfer on laboratory media, the requirement for this compound was lost. Uracil stimulated growth, but addition of other purine and pyrimidine bases, of a crude enzymatic digest of deoxyribonucleic acid, or of an alkaline hydrolysate of ribonucleic acid did not further improve growth.
Inorganic ion requirenments. No attempt was made to remove contaminating inorganic ions from the medium. The inorganic ion requirements indicated in Table 1 tained in the medium because of its effect in detoxifying and promoting availability of unsaturated fatty acids for certain lactic acid bacteria (Williams, Broquist, and Snell, 1947 (Friedemann, 1938) , a recognized product of heat degradation of carbohydrates (Auclair and Portmann, 1957; Gould, 1945 * The substances to be tested were appropriately diluted with water in the culture tubes and heated in flowing steam for 10 min. The basal medium without glucose was autoclaved separately and then cooled; filter-sterilized glucose was added aseptically, and the medium was dispensed to the tubes which were inoculated as usual.
t Uninoculated medium reads 100% transmission.
+ Toxic at higher level tested. propionate, and higher homologues of the fatty acid series have no growth-promoting activity under these conditions. The active substance produced by autoclaving inorganic phosphate with the complete medium or with glucose thus appears to be acetic acid. VOL. 87, 1964 Table 1 , (B) this same medium supplemented with 1 mg of yeast extract per 6 ml, and (C) the simplified medium of Table 3 .
Lipoic acid was inactive in replacing acetate and inhibited the utilization of acetate (Fig. 1) . Mevalonic acid was also inactive and had no sparing action on acetate utilization. The response to acetate appears to be sufficiently specific, sensitive, and reproducible to serve as a microbiological assay for this substance. Although small amounts of acetate satisfied the growth requirement (Fig. 1) , substantially larger amounts of sodium and potassium acetate were included in the growth medium for their buffer action.
Growth on a medium containing the amounts of each component listed in columns 2 and 5 of Table 1 was substantially improved when all of the components were doubled in concentration. This effect could be duplicated by increasing the concentrations of the amino acids and salts A. The final concentration of each component in the medium is given in Table 1 (columns 3 and 6). All of the components except glucose, ascorbic acid, and the vitamin solution may be combined in one stock solution and preserved under benzene or toluene in the cold. Freshly prepared solutions of these ingredients were added to the stock solution just before use. The organism has been subcultured indefinitely on this medium without evidence of diminished growth. The rate of growth on this medium (A, Fig. 2 ) was improved slightly by addition of yeast extract (B, Fig. 2 ) and, during the first few hours, by replacing most of the amino acids with a casein hydrolysate (C, Fig. 2 ). After 10 to 15 hr of incubation, however, growth on medium C lagged behind that on media A and B (Fig. 2) .
Effect of composition of the medium on histidine decarboxylase production. Cells grown on each of the media of Fig. 2 showed Qco, values for histidine decarboxylase up to 900 (Fig. 2) , approximately three times higher than those reported by Rodwell (1953b) . Maximal decarboxylase production was aehieved slightly before or at the time of maximal growth. Because of the relative simplicity of its preparation and its lower cost, medium C (Table 3) was used for growing large quantities of cells as a source of histidine decarboxylase. Production of cells with high specific activity was dependent upon the presence in the growth medium of adequate concentrations of pyridoxamine (see Guirard and Snell, 1954) , folic acid, nicotinic acid, calcium pantothenate (or pantethine), ascorbic acid, potassium phosphate, magnesium sulfate, glucose, acetate, adenine, histidine, and serine (Table 4) . Indeed, any nutrient so far tested that limits growth appears also to limit production of the enzyme, an indication that growth takes precedence over histidine decarboxylase production. Histidine continued to increase enzyme production even at the highest level tested, where its presence discolored the growth medium. Adenine, though not required for growth (Table 1) , was required for high enzyme production. Acetate improved enzyme production at levels much higher than were required for growth.
Although maximal cell yields were obtained when the initial pH of the medium was between 5.6 and 7.0, enzyme production reached maximal values only when the initial pH was at the lower end of this range ( 
